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(54) Dental composition and kit 

(57) A dental composition which comprises (A) a 
phosphoric acid group-containing monomer, (B) a car- 
boxylic acid groups-containing monomer and (C) water 
as main components in amounts of 0.5 to 50 % by 
weight, 1 to 50 % by weight and 5 to 90 % by weight, 



based on the composition, respectively; and a dental ad- 
hesive kit comprising a dental primer composition con- 
taining the monomer (A) ad water and an adhesive con- 
taining a carboxylic acid-cbntaihing polytunctional mon- 
omer and a polymerizable initiator. 
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Description 

Detailed Description ol the Invention 

This invention relates to a dental composition suitable for use as a pre-treatment agent for the surface of a tooth 
wh icn proS t strong adhesion between dental filling materials and a tooth in the restoration of a tooth ,n the Held of 

^Dental filling materials called "composite resin" are mainly used for the restoration of a tooth damaged by dental 
caries and the Hke. Generally, this composite resin is filled into a cavity in a tooth, and then polymenzed and cured. 
However s nee Ms material Uself has no adhesion to a tooth, a dental adhesive is used together with rt. This adhesive 
Ts req r d to have adhesive strength enough to overcome interna, stress generated at the time when the compos, te 
esfn is cured, that is, tensile stress produced in the interface between the compos.te res,n and the tooth, Otherw se^ 
i, may not only fall off through its long-term use under extreme oral environment but also have an adverse effect on 
de™ I pulp due to entry of bacteria from a gap formed in the interface between the composite resin and the tooth. 

The hard tissue o7a tooth consists of enamel and dentin, and adhesion to both enamel and dentin ,s required 
clinically Heretofore, a method for pre-treating the surface of a tooth prior to the application of an adhesive has been 
ZTSZove adhesion. An aqueous solution of an acid, such as phosphoric acid, crtric ac.d or maleic ac.d for 
decalcKying the surface of a tooth has generally been used as a pre-treatment agent. In the case of enamel adhes.on 
mechanism is said to be mechanical macroscopic retention that an adhesive permeates into a surface roughened by 
deceleration of an aqueous acid solution and cures, whereas in the case dentin adhes.on mechanism ,s sa.d I to be 
SSc mechanical retention that an adhesive permeates into extremely small spaces in a sponge-like collagen 
Z exposed to the surface ol tooth after decalcification and cures. Permeation into the collagen fiber ,s not so easy 
as permeation into enamel. Therefore, a permeation promotion agent called "primer" « generally used after ^mem 
wrththe aqueous acid solution, resuming in cumbersome operation. In order to obtain high , adhesive strengt , to , denttn 
I rough treatment with the aqueous acid solution only, JP-A-62-33109 (the term "JP-A" as used herein means an 
•unexamined published Japanese patent application) discloses a tooth surface treatment agent containing a suffomc 
ac" group-containing polymer, JP-A-62-231652 a tooth surface treatment agent ^J**^^'^ 
63-279851 a tooth surface treatment agent comprising an amphoteric ammo compound, ^J™^ 2 ™™* 
surface treatment agent comprising an organic carboxylic acid and a metal chloride .n com^on_ Howeve, even 
when these compositions are used, adhesive strength to dentin is not sufficient. JP-A-6-9327 and JP "A^ZB J»- 
dose primer compositions which eliminate the need for pre-treatment with an aqueous acid solution When these 
c™ tbn S are used for dentin, they exhibit a certain measure of adhesrve strength. However, when they are used 
for enamel, their adhesive strength is insufficient because they have a small content of an acidic monomer an decal- 
cificTon is weak. Inoue et al. propose a primer composition which contains 2-acryloxye.hyl hydrogen ma ate and the 
SelSh General Meeting of JADR. and 24th and 25th Annual Meeting of the Japanese Society for Dental Materials 
and Sees) However, vln this composition is used, long-term treatment is required and operate ,s not s,mpl,f.ed 

,U " y 'ln view of these, there has been desired the development of a material which can simplify complicated operation 
including pre-treatment in which both an aqueous acid solution and a primer are applied and can prov.de . nig i adhesive 
strength to both enamel and dentin through a single pre-treatment in cavrty restoration operation wh,ch comprises 
steos of Dre-treatment, application of an adhesive and restoration of dental filling materials. 

fits merefoTe an object of the present invention to provide a dental composition which prov.des high adhesive 
strenath to both enamel and dentin with a single treatment. . 

Another object of the present invention is to provide a dental composition which provides high adhesive strength 
,o a tooth as described above, based on the discovery that a primer composition containing a phosphoric acid group- 
containinq monomer improves adhesive strength to a tooth. 

A further object of the present invention is to provide a dental adhesion kit which provides high adhesive strength 
,o both enamel and dentin and is composed of a primer composition comprising a phosphoric acd group^ontaining 
monomer as a main effect-developing component and a specific adhesive. 
The objects and advantages of the present invention will become more apparent from the following descr.pt.oa 
The above objects and advantages of the present invention can be first attained by a dental composition which 
comprises (A) a phosphoric acid group-containing monomer, (B) a carboxylic acid groups^ontaining monomer and 
^water a. > main components in amounts of 0.5 to 50 % by weight, 1 to 50 % by weight, and 5 to 90 % by we.ght, 
based on the composition, respectively. 

Preferably, the dental composition of the present invention may further contain (D) a water-soluble organic solvent 

the components constituting the dental composition, including optional components, if any. that is, the composition. 
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The phosphoric acid group-containing monomer (A) used in the present invention is not particularly limited, pro- 
vided that it is a monomer which is an phosphoric acid ester having in one molecule at least one =P(0)-OH group or 
a functional group that readily reacts with water as an essential component in the present invention to produce at least 
one =P(0)-OH group, and a polymerizable unsaturated group. Further, a thiophosphoric acid group in which one or 
5 two oxygen atoms coupled to a phosphorus atom are substituted by a sulfur atom, or a derivative thereof can be also 
used. 

Typical examples of the phosphoric acid group-containing monomer include phosphoric acid monoesters repre- 
sented by the following general formula (1), diesters represented by the general formulas (2) and (3), and pyrophos- 
phoric acid ester derivatives in which two of these compounds are condensed in the form of -P-O-P- through an oxygen 
10 atom. 
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(D 



0 2 C-C=CH 2 / (2) 

n 2 



\CH 2 =C-CO,-7^R,-0-P-0-^J> < 3 > 

wherein each of and R 2 is independently hydrogen atom or a methyl group, each of R 3 and R 4 is independently an 
organic group having a valence of 2 to 6 and 1 to 30 carbon atoms, which may have an ether linkage and/or an ester 
linkage, R 5 is hydrogen atom, an alkyl group having 1 to 5 carbon atoms or an alkoxyl group having 1 to 5 carbon 
atoms, Z is oxygen atom or sulfur atom, each of and X 2 is independently selected from the group consisting of 
hydroxyl group, a mercapto group and a halogen atom, and n 1 and n 2 are each an integer of 1 to 5. 

In the general formulas (1), (2) and (3), R 3 and R 4 are an organic group having a valence of 2 to 6 and 1 to 30 
carbon atoms, which may have an ether linkage and/or an ester linkage. Its structure is not particularly limited, but it 
is represented by the following formulas. 



— CH 2 CH 2 — -rCHj-^ 4CH 2 \ 4CH 2 \ 
— CH 2 CH 2 OCH 2 CH 2 — — CH 2 CH 2 40CH 2 CH 2 ^- 

— CH 2 CH 2 40CH 2 CH 2 -)j- —CH 2 -<2)-CH 2 — 

— CH 2 -CHCH 2 — — CH 2 CH 2 CHCH 2 CH 2 — 
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CH 2 - CH 2 - 
— CH 2 C-CH 2 — — CH 2 C-CH 2 — 
I CH 2 - 



— CH 2 CH 2 0-CCH 2 CH 2 C OCHjjCHCH 2 — 
0 0 
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CH 3/ 

•CH, — 



-CH.CH CH 2 -0-(^C-O- 0 - CH2 ? H ' 
I CH 3 

CH 2 CH 2 0-{CH 2 CH 2 0^ 

CHCH 2 0-{CH 2 CH 2 0^ 

CH 2 CH 2 0-4CH 2 CH 2 0^ 
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CH 2 =C-C0 2 -fCH 2 7r 0 -f"° H 

6h 
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1 . v II 



CH 2 =C-C0 2 4cH J V°-r- OH 



CH 2 =C-C0 2 -CH 2 CH 2 -0<JH 2 CH 2 -0-P-OH 

_ o 



so 



CH.^C-C^-CHlCH.-fO-CM.CM.^O-P-OH 

6h 



CH 2 =C-C0 2 — CH 2 
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Ri fa 
CH 2 =C-C0 2 -CH 2 CH CH 2 -0 2 C - C =CH 2 

0 

0=P-OH 

CH 2 = C -C0 2 -CH 2 CH 2 -f — CH — O-P-OH 

2 oh 



» CH 2 =C-C0 2 -CH 2 CH 2 0 CfCH 2 CH 2 <fOCH 2 -CHCH 2 -0 2 C-C=CH 2 

0 0 0 



0=P-0H 

l 

OH 



i 1 r-\ i V \\ 



0=P-OH 




CH 2 =C-C0 2 -CH 2 -CH CH 2 -0— i/- c ~\ 

=p- 



ft 



:h 2 ch-ch 2 -o 2 c - c =ch 2 



CH 2 =C— C0 2 -CH 2 -f- C— CH 2 - — 0— P— OH 



v 2 * v 3 



OH 



" 1 M 

CH 2 =C-C0 2 -CH 2 CH 2 -0-P-CI 

CI 
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0 



«1 

CH 2 =C-C0 2 -CH 2 CH 2 -0-CH 2 CH 2 -0-P-CI 

CI 



Preferred examples 
as follows. 



of the phosphoric acid group-containing monomer represented by the general formula (2) are 



v CH 2 =C-C0 2 -CH 2 CH 2 -0^— P-OH 



^CH^C-CO^CH^o/j-P-OH 



R X 0 

T 



1 \ II 



CH 2 =C-C0 2 -CH 2 CH 2 -0-CH 2 CH 2 -0/ r - P-OH 



R O R 2 

CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0-4CH 2 CH 2 ) r 02C-C=CH 2 

OH 

R O R 2 

CH 2 =C-C0 2 -CH 2 CH 2 O-CH 2 CH 2 -0-P-0-CH 2 CH 2 -O 2 C-C=CH 2 

OH 

iC H 2 =C-C0 2 -CH 2 CH 2 0^-P-CI 



v CH 2 =C-C0 2 -fCH 2 ) r O/ 1 -P-CI 

as follows. 

ch 2 =c-co 2 kjh 2 ch 2 -o-p-o--^ ) 

OH 
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?1 o 
CH 2 =C-CO 2 -fCH 2 )g-0-P-O-/ \ 

(!>H ^ — ' 

CH^C^O^CH^O-P-OhT} 

OH — 

CH 2 =C-C0 2 -CH 2 CH 2 -0 CH 2 CH 2 — O-P-O— d /) 

OH ^ 

R, 0 k 

CH 2 =C-C0 2 -CH 2 CH 2 -(-O;CH 2 CH 2 ;y-0-P-0— > 

OH ^ 
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CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0- 

OH 
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CH 2 =C-C0 2 -fCH 2 )^0-P-0-Y V-CH 3 

OH N — ' 

CH 2 =C-C0 2 -CH 2 CH 2 -f 0-CH 2 CH 2 ^-0-P-0— <f /- CH 3 

OH 

R< " , x " /=\ 

45 CH 2 =C-C0 2 -CH 2 CH 2 -(-0-CH 2 CH 2 ^-0-P-0-Hl J— CH 2 CH 3 

OH N — ' 



Ri 0 
CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0— ^ ^>— OCH 3 
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Ri O 

. ch 2 =c-co 2 4ch 2 ^o-p-o-hT^V<)ch3 

oh 

CH 2 =C-C0 2 -4CH 2 )^0-P-0— ( Y-OCH 2 CH 3 

<!>H 

CH 2 =C-C0 2 -CH 2 CH 2 -fOCH 2 CH 2 ) r O-P-0-^ >-OCH 3 

OH 

CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0-^xV-CH 3 

CH 2 =C^0 2 4CH 2 ^0-P-0-^jKCH 3 

CI 

R 0 /=\ 

CH 2 =C-C0 2 -CH 2 CH 2 0 CH 2 CH 2 -0-P-0-/ }~ c »i 

CI 

Hlustrative examples of the pyrophosphoric acid derivative in which two ot the compounds represented by the 
genSlulas J ) (2) and (3) are condensed in the form of -P-O-P- through an oxygen atom are as follows. 

Q O 

V1 II 

CH 2 =C-C0 2 -CH 2 CH 2 0-P-OH 

CH 2 =C-C0 2 -CH 2 CH 2 -0-P-OH 

O 

R1 0 

CH 2 =C-C0 2 4cH 2 -V°-p H 

0 

c^Xco^ch.V 0 "^ 

o 
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CH 2 =C-C0 2 4cH 2 ^0-P-0-H^J) 



CH 2 =C-C0 2 ^CH 2 )— 0-P-OH 
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CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0 

?« ? 
CH 2 =C-C0 2 -CH 2 CH 2 -0-P-0 
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Among the above phosphoric acid group-containing monomers, preferred are phosphoric acid group-containing 
monomers represented by the general formulas (2) and (3), particularly phosphoric acid group-containing monomers 
represented by the general formula (3) in which one of the esters is an aromatic ester, from a view point of adhesive 
strength to a tooth. 

A mixture of a plurality of the above phosphoric acid group-containing monomers can be used as required. 

The amount of the phosphoric acid group-containing monomer (A) used in the present invention is 0.5 to 50 % by 
weight, preferably 5 to 50 % by weight, more preferably 7 to 40 % by weight, based on the total of all the constituent 
components. If the amount of the monomer is too small, adhesive strength to both enamel and dentin, particularly 
adhesive strength to enamel, will deteriorate, whereas if the amount is too large, adhesive strength to both enamel 
and dentin, particularly adhesive strength to dentin, will deteriorate. 

The carboxylic acid groups-containing monomer (B) of the present invention is a monomer having in one molecule 
a plurality of carboxyl groups or groups which readily react with water to produce a carboxyl group, such as acid 
anhydrides or acid halides, and at least one polymerizable unsaturated group. 

Illustrative examples of the compound include trimellitic acid derivatives represented by the following general for- 
mula (4) and acid anhydrides and acid halides thereof; pyromellitic acid derivatives represented by the following general 
formula (4) and (5) and acid anhydrides and acid halides thereof; malonic acid derivatives represented by the following 
general formula (6) and acid anhydrides and acid halides thereof; 6-(meth)acryloxyethylnaphthalene-1 ,2,6-tricarboxylic 
acid; N-(meth)acryloylaspartic acid; and the like. 
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? 1 /^xC0 2 H 
CH 2 =C-C0 2 -CH 2 CH 2 -<J2C-|r 

0 

? 1 c 

CH 2 =C^0 2 ^H 2 CH 2 ^ 2 C-|^|^ \ Q 



CH } =C-C0 2 -CH a CH 2 -OjC-|p 



CH^C^Oi-^HjCHj-OjC-rp^Y 



H0 2 C 

CHj=C-C0 2 -CH a CH a CH 2 -0 2 ' 



c -fY° lH 
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CH 2 =C-CO 2 -CH a -^H-0 2 C 



-CH-0,C— iT^T 



?' ' JCO h 

CH a =C-C0 2 -(CH a ) r O J C-| X, V^ * 

CH a =C^0 2 ^Hj>^-|^|^ 2H 



C0 2 H 

/ \ ^ C0,H 

CH 2 =c-co,-r -- " * 



Jj-CHjCHj^OCHjCHj^OjC-tj^V' * 

\^C0 2 H 



CH 2 « C - C0 2 - CH a CH 2 -f OCHjCHj ) — 0 2 C -Y^f' 2 

CHj = C - C0 2 - CH,CH 2 OCHjCH, ^— O a C "Tj^^V' 

^^CO,H 

CHjrrC-COj-CHjCHj-O-C-CHjCHj-C-O-CHjCH, — 0 

45 O O C = 0 




C0,H 
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R I 
CH^C-COj-CHjCH^OCC^CHjC-OCH^HC^-OjC-C^H, 

ooo 
c«o 
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CH J =C-COj-CH 2 CH J 0 CCHjCH 2 C-OCH 2 CHCH a -O a C-C=CH 2 
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c=o 




P-o 
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:H 2 CH 2 — {oCH 2 CHj)jjjp0 2 C-C==CH a 

;hch 2 — (ocH 2 CH 2 )— OjC-Y^V^ 002 " 

5H 2 CH 2 — (0CH 2 CH 2 )-— 0 2 C-C=CH 2 ^x:0 2 H 

m i + nig + m 3=3. 5 

Preferred examples of the carboxylic acid groups-containing monomer represented by the general formula (5) are 
as follows. 



h 2 c=c-co 2 — (ch 2 ) — o 2 q 
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H0 2 C 




CO,H 



0 2 — (CH 2 )— 0 2 C - C =CH 2 
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H a C=C -C0 2 — (CH 2 )— o 2 q 
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0 2 — {CH 2 )^-0 2 C - C =CH 2 
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( ?< ^ 

^H s C=C-COjj-CH 0 2 ( 

H0,C— i />— COjH 




0 2 — CH— \-0 2 C-C =CH 2 



\ / 2 

Preferred examples of the carboxylic acid groups-containing monomer represented by the general formula (6) are 
as follows. 

R, <?°2 H 

CH 2 =C-C0 2 -{CH 2 V? H 

C0 2 H 
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C0 2 H 



i • 



COjH 

CH^C-COj-^CHj-^CH 

C0 2 H 



R 1 C0 2 H 
CH 2 =C-C0 2 -(CH 2 ^ r CH 

C0 2 H 



Ri COCI 
C H 2 = C-C0 2 -(CH 2 -) Tr CH 

COCI 



Rl C0 2 H C0 2 H 

CH 2 =C-C0 2 -(CH 2 ) r CH-CO-{CH 2 -) r -CH 

O C0 2 H 
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/ r, \ co 2 h 

\^CH 2 =C— C0 2 -CH 2 j/ — CH — ^CH 2 ^— -CH 

2 CO,H 



CH 2 =C-C0 2 -CH 2 



\ C0 2 H 

4— ch— (ch 2 )^-6h 

CO,H 



R, \ C0 2 H 



so \^CH 2 =C-C0 2 -CH 2 CH 2 CH 2 -/ — CH-CH 2 CH 2 CH 2 

/ 2 



6o 2 h 



CH 2 =C-C0 2 -CH 2 

f 3 



Ri \ co 2 h 

C0 9 H 




CH 3 = 



Among the above carboxylic acid groups-containing monomers, preferred from a view point of adhesion to a tooth 
are monomers which have two carboxyl groups or groups producing a carboxyl group on the same carbon atom or 
adjacent carbon atoms, and more preferred are trimellitic acid derivatives and malohic acid derivatives. 

A mixture of a plurality of the above carboxylic acid groups-containing monomers can be used as required. 

The content of the carboxylic acid groups-containing monomer (B) in the present invention is 1 to 50 % by weight, 
preferably 5 to 25 % by weight, based on the total of all the constituent components. If the content is below 1 % by 
weight, adhesive strength to dentin will be insufficient, and if the content is above 50 % by weight, adhesive strength 
to both dentin and enamel will deteriorate. 

The component (A) and the component (B) are preferably contained in a sum amount of 10 % or more by weight, 
more preferably 15 % or more by weight, based on the total of all the constituent components. 

Water (C) used in the present invention is necessary for decalcification of a tooth. Preferably, the water contains 
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oo, ™r„rrpSi~«,i»le -P-uLd 9-p. « ce mol.cule. A Known compound can be - 
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acrylate, propylene glycol dimethacrylate, 1 ,3-butane diol dimethacrylate, 1,4-butane diol dimethacrylate, 1,6-hexane 
diol dimethacrylate. glycerine dimethacrylate, di-2 -m ethac ryloyloxyethyl-2, 2, 4-tri methyl hexamethylene dicarbamate 
1 -methacryloyloxymethyl-2-methacry loyloxyethyl hydrogen malate and acrylates thereof; trrf unctional monomers such 
as trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate and trimethylolpropane trimethacrylate and 
5 acrylates thereof; tetrafunctional monomers such as pentaerythritol tetramethacrylate and pentaerythritol tetracrylate; 
and the like. 

Among the above polyfunctional monomers, preferred are aliphatic Afunctional monomers, and trifunctional and 
tetrafunctional monomers. 

A mixture of a plurality of the above polyfunctional monomers can be used as required. 
10 The amount of the polyfunctional monomer (G) used in the present invention is preferably 0.1 to 30 % by weight, 

more preferably 0.5 to 20 % by weight, based on the total of all the constituent components. If the amount is below 0.1 
% by weight, no effect of improving marginal adaptability will be liable to be observed, and if the amount is above 30 
% by weight, adhesive strength to dentin will be liable to deteriorate. 

Particularly preferably, the dental composition of the present invention comprises (A) the phosphoric acid group- 
75 containing monomer, (B) the carboxylic acid groups-containing monomer, (C) water, (D) the water-soluble organic 
solvent and (G) the polyfunctional monomer in amounts of 5 to 50 % by weight, 1 to 50 % by weight, 5 to 90 % by 
weight, 1 to 80 % by weight and 0.1 to 30 % by weight based on the composition, respectively. 

In the composition of the present invention, when the amount of the phosphoric acid group-containing monomer 
(A) is small, adhesive strength to enamel may not be always sufficient. Adhesive strength to enamel can be improved 
20 by blending (E) an inorganic strong acid and/or a non-polymeric organic sulfonic acid or (F) a sulfonic acid group- 
containing monomer. 

As a consequence, according to the present invention, there are provided a dental composition (to be referred to 
as "second dental composition of the present invention" hereinafter) which comprises (A) a phosphoric acid group- 
containing monomer, (B) a carboxylic acid groups-containing monomer, (C) water, (D) a water-soluble organic solvent, 

2S and (E) an inorganic strong acid and/or a non-polymeric organic sulfonic acid as main components in amounts of 0.5 
to 7 % by weight, 3 to 50 % by weight, 5 to 90 % by weight, 1 to 80 % by weight and 0.01 to 3 % by weight, based on 
the composition, respectively, and a dental composition (to be referred to as "third dental composition of the present 
invention* hereinafter) which comprises (A) a phosphoric acid group-containing monomer, (B) a carboxylic acid groups- 
containing monomer, (C) water, (D) a water-soluble organic solvent and (F) a sulfonic acid group-containing monomer 

30 as main components in amounts of 0.5 to 7 % by weight, 3 to 50 % by weight, 5 to 90 % by weight, 1 to 80 % by weight 
and 0.01 to 12 % by weight, based on the composition, respectively. 

The above descriptions with regards to the above components (A), (B), (C) and (D) can be applied to the second 
and third dental compositions of the present invention. 

In the second dental composition of the present invention, known inorganic strong acids can be used as component 

35 (E) with no particular restriction if they have a pKa value in an aqueous solution of 1 or less. In the case of polybasic 
acids, a value obtained from a dissociation constant of a first stage, that is, pKa 1 value, should be 1 or less. Illustrative 
examples of the acid includes hydrohalogenic acids such as hydrochloric acid and hydrobromic acid; oxo acids such 
as nitric acid, sulfuric acid, chloric acid, perchloric acid, bromic acid and perbromic acid; and acidic sulfate esters such 
as methylsulfuric acid and ethylsulfuric acid. 

40 in the second dental composition of the present invention, the non-polymeric organic sulfonic acid (E) is not par- 

ticularly limited, provided that it is a compound having in one molecule at least one -S0 3 H group or at least one functional 
group which readily reacts with water as an essential component of the present invention to produce a - SO3H group 
and known compounds can be used as component (E). Illustrative examples of the compound include position isomers 
such as methanesulfonic acid, ethanesulfonic acid, propanesulfonic acid, butanesulfonic acid, benzenesulfonic acid, 

45 toluenesulfonic acid, xylenesulfonic acid, dodecylbenzenesulfonic acid, chlorobenzenesulfonic acid, bromobenze- 
nesulfonic acid, biphenylsulfonic acid, naphthalenesulfonic acid, anthracenesulfonic acid, phenolsulfonic acid, naph- 
tholsulfonic acid, sulfoacetic acid, sulfobenzoic acid, sulfosalicylic acid, anthraquinonesulfonic acid, benzenedisulfonic 
acid, naphthalenedisulfonic acid, naphtholdisulfonic acid and biphenyldisulfonic acid; and the like. 

Preferably, the above inorganic strong acid and/or the non-polymeric organic sulfonic acid have/has as small a 

50 formular weight as possible and as high a volatility as possible from a view point of adhesion to a tooth. Further, those 
which have a pKa value of 0 or less are more preferred, and nitric acid and hydrochloric acid are the most preferred. 

A mixture of a plurality of the inorganic strong acids and/or the non-polymeric organic sulfonic acids can be used 
as required. 

The total amount of the inorganic strong acid and/or the non-polymeric organic sulfonic acid (E) used in the present 
55 invention is 0.01 to 3 % by weight, preferably 0.5 to 2.5 % by weight, based on the total of all the constituent components. 
If the total amount is below 0.01 % by weight, the effect of improving adhesive strength to enamel will be liable to be 
insufficient, and if the total amount is above 3 % by weight, adhesive strength to dentin will be liable to deteriorate. 

When the inorganic strong acid and/or the non-polymeric organic sulfonic acid are/is in the form of an aqueous 
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A mixture of a plurality of the above sulfonic acid group-containing monomers can be used as required. 

The amount of the sulfonic acid group-containing monomer (F) in the present invention is preferably 0.01 to 12 % 
by weight, more preferably 0.5 to 10 % by weight, based on the total of all the constituent components. If the amount 
is below 0.01 % by weight, the effect of improving adhesive strength to enamel will be liable to be insufficient, and if 
the amount is above 12 % by weight, adhesive strength to dentin will be liable to deteriorate. 

The sulfonic acid group-containing monomer may be mixed with the inorganic strong acid and/or the non-polymeric 
organic sulfonic acid illustrated as component (E). In this case, the total amount of the inorganic strong acid and/or the 
non-polymeric organic sulfonic acid is preferably 3 % or less by weight, and the total amount of the inorganic strong 
acid and/or the non-polymeric organic sulfonic acid and the sulfonic acid group-containing monomer is preferably 12 
% or less by weight. 

The inorganic strong acid and/or the non-polymeric organic sulfonic acid (E) of the second dental composition or 
the sulfonic acid group-containing monomer (F) of the third dental composition in the present invention need to be 
added in a state where at least one hydrogen cation can be supplied. When they are neutralized by a metal or amine 
and added as a neutral salt, they are not component (E) or component (F). Similarly, when a basic substance such as 
a hydroxide of a metal or an amine is added as an optional component and all or part of the acid is neutralized, the 
neutralized acid is not component (E) or component (F). 

In addition to the above components (A), (B), (C), (D), (E), (F) and (G), the dental composition of the present 
invention may contain a variety of optional components to be described later as far as they do not impair the effect of 
the present invention. In this case, the weight contents of the above components (A), (B), (C), (D), (E). (F) and (G) are 
based on 100% by weight of the total of these components (A), (B), (C), (D), (E), (F), (G) and other optional components. 

As described above, the composition of the present invention may contain a monofunctional monomer, a water- 
insoluble organic solvent, a polymerization initiator, a metal salt, inorganic or organic fine particles and the like within 
limits not prejudicial to its performance. 

Illustrative examples of the monofunctional monomer include monofunctional monomers having no acid group, 
such as methyl methacrylate, ethyl methacrylate, tetrahydrofurf uryl methacrylate, 2-ethylhexyl methacrylate, 2-hydrox- 
ylethyl methacrylate, glycidyl methacrylate, N-methylol methacrylamide, diacetone methacrylamide and acrylates 
thereof; monocarboxylic acid group-containing monofunctional monomers such as acrylic acid, methacrylic acid, 2- 
(meth)acryloyloxyethyl hydrogen malate, 2-(meth)acryloyloxyethyl hydrogen succinate and N-(meth)acryloyl-5-ami- 
nosalicylic acid; and the like. 

Illustrative examples of the water-insoluble organic solvent include hexane, heptane, octane, toluene, dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, trichloroethane, pentanone, hexanone, ethyl formate, 
propyl formate, butyl formate, ethyl acetate, propyl acetate, butyl acetate, vinyl acetate, diethyl ether and the like. 

The polymerization initiator may be either a heat polymerization initiator or a photopolymerization initiator. 

Preferred examples of the heat polymerization initiator include organic peroxides such as t-buty Hydroperoxide, 
cumenehydroperoxide, di-t-butyl peroxide, dicumyl peroxide, acetyl peroxide, lauroyl peroxide and benzoyl peroxide; 
azo compounds such as 2,2'-azobis-2-methylbutyronitrile, dimethyl 2,2 , -azobisisobutyrate and azobiscyanovaleric ac- 
id. 

Polymerization can be promoted by using a combination of the above organic peroxide and an amine compound. 



Ri 

i 

= C — C — NH • CH2CH2 — SO3H 
O 

Ri CH3 
I I 
= C-C-NH-C-CH 2 -S0 3 H 
II I 
O CH 3 
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Preferred examples of the amine compound used as a polymerization promoter include secondary and tertiary amines 
havi an ZZ group coupled to an aryl group, such as N.N-dimethyl-p-toluidine, N.N-d.methy. anihne. N(2-hydrox- 
vethXniline N N-di(2-hydroxyethyl)-p-toluidine, N-methyl aniline, N-methyl-p-toluidme and the like. 
" ThSLS! to rtherrmbine a'sulfinate or borate with a combination of the organic peroxide and the amine 
com nTspelc examples of the su.finate include sodium benzenesulfinate, lithium M™""** sodium p- 
oluenesulfinate, lithium p-.oluenesuKinate, potassium p-to.uenesulfinate, sodiurr ^ esulf^ate, sodium p- 
fi„„r«hon«nP« 5 . 1 ifinate and the like Specific examples of the borate include sodium salts, lithium salts, potassium 
"eJab « mmonium salts'tetramethy, ammonium salts and.the like of .rialkylphenyl boron 

blrdiXd?p-chlorophenyl)bo on, dialkyldi(p-f.uorophenyl)boron, dialkyldi(3,5-bistnfluoromethyl)phenyl boror, 
monoalS eny. boron monoa.kyl.ri(p-chlorophenyl)boron, monoalky..ri(p-fluoropheny.)boron and monoalkyHr, 
raXSSo'ShyOphenyl boron (alkyl group is n-butyl. n-octyl, n-dodecy. and the like). Po V mer,zat,on can be 
started bv reacting the sulfinate or the borate with an acid compound. 

Tphotopolymerization initiator (also called -photosensitizer") is preferably used. Illustrative examples of th pho- 
toooVvmer zation initiator include a-diketones such as camphorquinone, benzyl, a-naphthyl, acetonaphthene. naph- 
hoauZrrp -dime hoxybenzyl, p.p'-dichlorobenzyl acetyl, 1 .2-phenan«hrenequinone, 1 ,4-phenanthrenequ,none, 

9 0 phenanthrenequinone; thioxan.hones such as 2,4-die.hyl thioxanthone; a-am, 
• LacetophenT e s q such as g-benzyWimethylamino-l-^-morpholinophenyl-butanone-!, 2*enzyl^th y iam.no-l. 
T^TZS^a^, 2 y benzy|.dimethylamino-l.(4-morpholinophenyl)-propanone-1, 2-benzy diethyl 
^(tmoVphlophenyO-propanone-f, 2-benzyWimethylamino.1-(4-morpho.inophenyl)-pentanone-1, and 

2-benzvl-diethvlamino-1-(4-morpholinophenyl)pentanone-1; and the like. 

Further H i preferred to use a combination of the above photosensitizer and a photopolymenza , on promoter. 
IHustratle exampSo the photopofymerization promoter include tertiary amines such as N.N-dimethyl aniline. N.N- 
dS aniim N di-n-buty. anLe, N,N-dibenzyl aniline, N.N-dimethyl-p-toluidine, N.N-diethyl-p-toluidme N.N- 

Shv^ 

Sme JCinSopLone. p^imethylaminobenzoic acid, p-dimethylaminobenzoic acid ethyl ester ■ P« y .ami- 
S^eSSSXl ester, N N-dime.hylanthranilic acid methyl ester, N,N-dihydroxyethyl aniline N,N-d,hydroxye- 
hytp oMdTne p2 ethy.aminopheneth I alcohol, p-dimethy,amino stiibene, N.NKfimethy.-S f^-J^^\ 
aminopv™ N,N-dimethyl-p-naphthy.amine, tributy. amine, tnpropyl am ne, tnethyl 

am inrCmyilanol amine, N-ethyldiethanol amine, N.N-dimethy.hexy. amine, ^^^^ * 
Snethvlstearyl amine, N,N-dimethylaminoethyl methacrylate, N,N-diethylam,noethyl methacrylate and 2,2- n- 
b*Z no d ethanoT^arbttu ic acids such as 5-butylbarbituric acid and 1 -benzyl-S-phenylbarbitur* acid, and the Ilk* 
^Sganic borcompounds which react with oxygen or water to produce a radical, such as tnbutyl borane and 
trihutvl borane Dartial oxides are organic metal type polymerization initiators. 

tl above het pdymerization initiator, photosensitizer, sulfinate, borate, polymerization promoter and organic 
metal type polymerization initiator can be used alone or in combination as required. n ^ nhnrir . 

Meta'salts inc.ude hydrochloric acid salts, hydrofluoric acid salts, sulfuric acid salts nitric <^££**£ 
acid salts, acetic acid salts, citric acid salts, oxalic acid salts, EDTA salts and the like of polyvalent metals such as 
maanesium aluminum, calcium, iron, cobalt, nickel, copper, zinc, strontium, tin and barium. 

Zl Tscosity and flowabilitv of the dental composition can be controlled by blending .norgamc or organic fine 

Parti l e s S trat^e examples of the inorganic fine particle include polymer fine particles such as Polyethylene, polypropyl- 
ene pomethy. meLrylate. po.yamides, popsters, polystyrenes and silicones; ^^^^ 
such as silicon aluminum, titanium zirconium, nickel, cobalt, strontium, iron, copper, zinc, tin, magnesium, calaum, 
oSss urn and sodium ni rides such as silicon nitride, aluminum nitride, titanium nitride and boron nitride; carb.des 
S asllicon 2 and boron carbide; and the like. Fine particles prepared by surface-treating these inorganic 
ne part es with sTne coupling agents such as methyltrimethoxysilane, methyltriethoxysilane, methy richloros ane, 
d method hlo os ane, trimethy' hbrosilane. viny.trime.hoxysi.ane, vinyKriethoxysilane, v^ 1 "^ 1 ^^ 
eZsLe vinyltris( P -methoxyethoxy)silane, r methacryloxypro P yltrimethoxys,lane, r methacryloxypropyttr,s jfr 
mZ yethoxy sLe ( ^ Y -chloropropyltrimethoxysilane, r ch,oropropylmethyldimethoxysilane. y-g.yadoxypropyltr, 
mSSlane y) vi 

^^^^^ZaZ^^^^-. titanate coupling agents such as isopropyltriisostearoyl titanate, 
titanate. isopropy.isostearoyldiac^. titanate, ^^^^^^Z 
pylLethacrylisostearoyl titanate and isopropyltricumylphenyl titanate; aluminum-based coup ng age s sue as ac 
eToalkoxv aluminum diisopropylate may also be used. Further, fine particles prepared by coatmg the surfaces of the 
%ZSZ parties with polymers such as polyethylene, polypropylene, polymethyl methacrylate. po^amides. pol- 
vesters oolvstvrenes, silicones and the like may be also preferably used. 

" The !25 Producing the inorganic fine particle is not particularly limited, and conventional coprecipitation, 
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spray coating, sol-gel and bulk pulverization-classification methods can be used. The surface treatment method is not 
particularly limited, and conventional spray drying, dry mixing and wet mixing methods can be used without any re- 
striction. 

The primary particle diameter of the fine particle is preferably 0.001 to 1 urn It is actually difficult to obtain particles 
5 having a diameter of 0.001 u.m or less. On the other hand, when the particle diameter is too large, there is a problem 
that precipitation readily occurs, making uniform dispersion difficult. Therefore, the particle diameter is preferably 0.5 
u.m or less, more preferably 0.1 u.m or less. 

A mixture of a plurality of the fine particles which are different in composition, shape, production method, surface 
treatment method and particle diameter may be used. 
io A coloring matter may be blended with the fine particle as a coloring material. 

The method for preparing the dental composition of the present invention is not particularly limited. The above 
phosphoric acid group-containing monomer, carboxylic acid groups-containing monomer, water, water-soluble organic 
solvent, inorganic strong acid and/or non-polymeric organic sulfonic acid or sulfonic acid group-containing monomer 
and as required, optional components are charged into a container in desired proportions, stirred and mixed together 
is to obtain an uniform solution or an emulsion. 

The package of the composition of the present invention can be suitably determined under the condition that it 
does not impair preservation stability. For instance, a solution comprising a phosphoric acid group-containing monomer, 
carboxylic acid groups-containing monomer and water-soluble organic solvent as main components and a solution 
comprising an inorganic strong acid and/or a non-polymeric organic sulfonic acid, or a sulfonic acid group-containing 
20 monomer, and water as main components can be packaged separately and mixed at the time of use. 

As described above, the most characteristic feature of the dental composition of the present invention is that it 
comprises the phosphoric acid group-containing monomer and it needs to comprise the above monomer, the carboxylic 
acid groups-containing monomer and water. 

Studies conducted by the inventors of the present invention have revealed that, even if a dental composition has 
25 the above composition excluding the carboxylic acid groups-containing monomer, it exhibits excellent adhesion to a 
tooth when it is used in conjunction with a specific adhesive. 

Therefore, according to the present invention, there are further provided a dental adhesive kit (to be referred to 
as "first kit of the present invention" hereinafter) which comprises a dental primer composition comprising (A) a phos- 
phoric acid group-containing monomer in an amount of 5 to 50 % by weight, based on the composition, and (C) water 
30 as main components and an adhesive comprising (H) a carboxylic acid groups-containing polyf unctional monomer and 
(I) a polymerization initiator; and a dental adhesive kit (to be referred to as "second kit of the present invention" here- 
inafter) which comprises a dental primer composition comprising of (A) a phosphoric acid group-containing monomer 
in an amount of 5 to 50 % by weight, based on the primer composition, and (C) water as main components and an 
adhesive comprising (J) a carboxylic acid groups-containing monofunctional monomer, (K) a water-soluble hydroxyl 
35 group-containing monomer, (G) a polyf unctional monomer and (I) a polymerization initiator. 

The phosphoric acid group-containing monomer (A) used in the dental primer composition which comprises the 
phosphoric acid group-containing monomer and water (C) as main components is identical to component (A) illustrated 
for the afore-mentioned dental composition. 

Among the afore-mentioned examples of the phosphoric acid group-containing monomer, preferred are phosphoric 
40 acid group-containing monomers represented by the general formulas (2) and (3), particularly phosphoric acid group- 
containing monomers represented by the general formula (3) in which one of the esters is an aromatic ester. 

A mixture of a plurality of the above phosphoric acid group-containing monomers can be used as required. 

The amount of the phosphoric acid group-containing monomer (A) used in the dental primer composition which 
does not contain component (B) is 5 to 50 % by weight, preferably 7 to 40 % by weight, based on the primer composition. 
45 |f the amount is too small, adhesive strength to both dentin and enamel will deteriorate, and if the amount is too large, 
adhesive strength to both dentin and enamel, particularly adhesive strength to dentin, will deteriorate. 

The water (C) used in the dental primer composition is identical to component (C) illustrated for the afore-mentioned 
dental composition. . 

Preferably, the dental primer composition further comprises (D) a water-soluble organic solvent, (E) an inorganic 
50 strong acid and/or a non-polymeric organic sulfonic acid, (F) a sulfonic acid group-containing monomer, and (G) a 
polyfunctional monomer as required: 

Preferred examples and amounts of components (D), (E), (F) and (G) are the same as those described for the 
afore-mentioned dental composition. 

Monofunctional monomer, water-insoluble organic solvent, polymerization initiator, metal salt and inorganic or or- 
55 ganic fine particle above-illustrated as optional components may be added. 

The method for preparing the above dental primer composition and the package of the dental primer composition 
are not particularly limited, and are the same as those described for the afore-mentioned dental composition. 

The adhesive used in conjunction with the dental primer composition comprises (H) a carboxylic acid groups- 
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°' 2 ^mixture of a plurality ol these carboxylic acid groups^ontaining polyfunctional monomers can be used as re- 
. Mu ,d h3»ing high *c<»«y 0, «m °m« ^•«™,?£^™ e ^KK* n»««< <«*- 



bJT^^TS^ monof unctiona. monomer, (K) a water-so.uble hydroxy, group-conta.mng monomer. ,G) 
and 2,3-dihydroxypropyl methacrylate from a view point of adhesion to a tooth and a cost. 
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A mixture of a plurality of these water-soluble hydroxyl group-containing monomers can be used as required. 

The content of the above water-soluble hydroxyl group-containing monomer contained in the adhesive of the 
present invention is preferably 5 to 50 parts by weight, more preferably 10 to 40 parts by weight, based on 100 parts 
by weight of the total of all monomers, from a view point of adhesion to a tooth. 
5 The polyfunctional monomer (G) is not particularly limited, provided that it is a monomer having a plurality of 

polymerizable unsaturated groups in one molecule. Known compounds can be used as component (G). 

Illustrative examples of such a compound include the polyfunctional monomer (G) illustrated in the section of the 
afore-mentioned dental composition. The afore-mentioned carboxylic acid groups-containing polyfunctional monomers 
and monomers having a plurality of polymerizable unsaturated groups among the afore-mentioned phosphoric acid 
io group-containing monomers (A) may also be preferably used. 

A mixture of a plurality of these polyfunctional monomers can be used as required. 

The content of the above polyfunctional monomer (G) contained in the adhesive of the present invention is pref- 
erably 20 to 90 parts by weight, more preferably 30 to 80 parts by weight, based on 100 parts by weight of the total of 
- all monomers, from a view point of adhesion to a tooth. 
is in addition to the above carboxylic acid groups-containing monof unctional monomer, water-soluble hydroxyl group- 

containing monomer and polyfunctional monomer, the adhesive of the present invention may contain other monomers 
for the purpose of saving costs and improving operability by adjusting the viscosity of the adhesive. 

The other monomers include the phosphoric acid group-containing monomers specified in the section of the afore- 
mentioned dental composition, the monofunctional monomers having no acid group and monocarboxyiic acid group- 
20 containing monofunctional monomers specified as optional components. A mixture of a plurality of these monomers 
can be used as required. 

The above two adhesives of the present invention contain (I) a polymerization initiator for polymerization and 
curing. The polymerization initiator is not particularly limited and known polymerization initiators can be used without 
restriction. 

25 Illustrative examples of the polymerization initiator include heat polymerization initiators such as organic peroxides 

and azo compounds specified as optional components for the afore-mentioned dental composition, photosensitizers 
such as a-diketones, thioxanthones and a-aminoacetophenones, and organic metal type polymerization initiators. A 
mixture of a plurality of these polymerization initiators can be used as required. 

The amount of the polymerization initiator added is not particularly limited, provided it exhibits its effect. The amount 

30 is preferably 0.01 to 20 parts by weight, more preferably 0.05 to 10 parts by weight, based on 100 parts by weight of 
the total of all monomers. 

The heat polymerization initiator and the photosensitizer are preferably used in combination with an appropriate 
polymerization promoter. 

Illustrative examples of the polymerization promoter include secondary and tertiary amines, sulfinates, borates, 
35 barbituric acids and the like specified as optional components for the afore-mentioned dental composition. A mixture 
of a plurality of these polymerization promoters can be used as required. 

The amount of the polymerization promoter is not particularly limited, provided it exhibits its effect. The amount is 
preferably 0.01 to 20 parts by weight, more preferably 0.05 to 10 parts by weight, based on 100 parts by weight of the 
total of all monomers. 

40 The above adhesives of the present invention preferably contain a slight amount of a polymerization inhibitor such 

as hydroquinone, hydroquinone monomethyl ether and butylhydroxy toluene. 

Preferably, a filler is further added to the adhesives of the present invention as required. It is possible to improve 
the mechanical strength and control the viscosity and flowability of the adhesives by adding the filler. 

Illustrative examples of the filler include polymer fine particles, inorganic fine particles such as metal oxides, metal 
45 nitrides and metal carbides, and fine particles prepared by treating the surfaces thereof with silane coupling agents, 
titanate coupling agents and aluminate coupling agents, as specified as an optional component for the afore-mentioned 
dental composition. 

Further, since the viscosity of the adhesive is relatively high, the possibility of filler sedimentation is reduced. There- 
fore, particles having a particle diameter larger than those of the above fine particles can be used. For instance, polymer 
50 or inorganic compounds having a particle diameter of 1 to 200 urn can be used. 

A filler prepared by dispersing organic or inorganic particles in a monomer, polymerizing them and pulverizing a 
particle dispersion polymer to achieve a particle diameter of 200 jim or less can be used. 

The particle diameter of the filler is preferably 0.001 to 200 u.m, more preferably 0.001 to 100 um 

A mixture of a plurality of fillers which are different in composition, shape, production method, surface treatment 
55 method and particle diameter can be used. 

The amount of the filler is not particularly limited, provided that it does not impair the effect of the present invention, 
but it is preferably 300 parts or less by weight, more preferably 100 parts or less by weight, based on 100 parts by 
weight of the total of all monomers. 
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acid groups-containing polyf unctional monome or cartwxy IB acn[ jro p * , , componen t s 

S0 ' U S denta, composition o, the press ention is use. as a p_, a gent in de. = *n op— n 

which consists o, application of the ^2Zn^rM. Supposing the 
curing of the adhesive, restorat,on of dental 1 dissoLed by application of the pre-treatment agent to 
mechanism that an inorganic component contained in atoo.h , d ^ ^ „ pefrT1 eation, 

, ne surface of the tooth and a permeaUon g™J£^ m ^£S^ and a strong adhesK,e layer 
dispersion and polymerization of an inorganic component due to the acid supply 

is lormed, the phosphoric acd group-containing monomer d '^ es ^" '"^f"^ * (or a t00th at a phosp horic 
capability of its phosphoric acid group and ^^^^l^^^S^^ inthetooth ' The 

J— ei^ 

(1) abbreviations 
30 Component (A) 

* PM 2-methacryloyloxyethyl dihydrogen phosphate 

* Phenyl-P: 2-methacryloyloxyethyl phenyl hydrogen phosphate 

* PM2" bis(2-methacryloyloxyethyl)hydrogen phosphate 



35 



40 



SO 



Component (B) 

* MTS- 2-methacryloy^ SUCCin3te 

* MAC-10: n.methacryloyloxy-1,1-undecanedicarboxylic acid 

* 4-META: 4-methacryloyloxy ethyl trimellitate anhydride 



Component (D) 

* | PA: isopropyl alcohol 

45 * DME: 1,2-dimethoxy ethane 

* BMEE: bismethoxyethyl ether 

* HE MA: 2-hydroxyethyl methacrylate 



Component (E) 

* DBS: dodecylbenzenesulfonic acid 
Component (F) 

55 * AMPS: 2-acrylamide-2-methylpropanesultonic acid 
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Component (G) 

* 3G: Methylene glycol dimethacryiate 

* NPG: neopentyl glycol dimethacryiate 

* Bis-GMA: 2,2-bis(4-(2-hydroxy-3-methacryloyl-oxypropoxy)phenyl)propane 

* D-2.6E: the following compounds 

CH 3 CH 3 
V .i-C-(OCH^-0^-C-(_)-0 
O CH 3 

CH 3 

H 2 C=C-C^OCH 2 CH 2 4/ 

o 

i 1+ r 2 =2.6 

Component (H) 

* MTS: 2-methacryloyloxyethyl-3 , -methacryloyloxy-2'-(3,4-dicarboxyben2oyloxy)propyl succinate 

* 4-TAPT: 4-(3-acryloxy-2,2-bis(acryloxymthyl)propyl) dihydrogen trimellitate 

Component (I) 

* CO: camphorquinone 

* DMBE: ethyl 4-dimethyl benzoate 

* DAAP: 4'-dimethyl aminoacetophenone 

Component (J) 

* MAC-1 0: 1 1 -methacryloy loxy-1 , 1 -undecanedicarboxylic acid 

* 4-META: 4-methacryloyloxyethyl trimellitate anhydride 

Component (K) 

* HEMA: 2-hydroxyethyl methacrylate 

* GM: 2,3-dihydroxypropyl methacrylate Other optional components 

* HOMS: 2-methacryloyloxyethyl hydrogen succinate 

* MMA: methyl methacrylate 

(2) Adhesive strength to enamel and dentin 

Foreteeth of cattle were removed within 24 hours after slaughter, and the flat surface of enamel or dentin was 
prepared by shaving the foreteeth with #800 emery paper such that it was parallel to the surface of a lip under injection 
of water Thereafter, compressed air was blown over the surface for about 10 seconds to dry it, an adhesive double 
coated tape having a 4 mm-diameter hole was adhered to the flat surface, and then paraffin wax having a hole of 1 .5 
mm in thickness and 6 mm in diameter was fixed on the above hole concentrically to prepare a mimic cavity. The dental 
composition of the present invention prepared immediately before its use was applied thinly to the inside of this mimic 
cavity and left for 20 seconds. Thereafter, compressed air was blown into the cavity for about 10 seconds to dry the 
dental composition. An adhesive was then applied to the dental composition and exposed to a visible light illuminator 
(Whitelight manufactured by Takara Bermont Co.) for 10 seconds to cure it. A dental composite resin (Palfeeklite 
Posteria (?)manufactured by Tokuyama Corporation) was further charged into the cavity and exposed to a visible light 
illuminator for 30 seconds to prepare an adhesion test sample. 

The above adhesion test sample was immersed into water heated at 37°C for 24 hours and then pulled at a cross- 
head speed of 10 mm/min using a tensile tester (Autograph manufactured by Shimadzu Corporation) to measure the 



25 



EP 0 712 622 A1 



ol Ita maaB.ra.~M vaws was lakan aa adheaare h o) „ „„„ „ 



15 



20 



25 



material from falling off. 
(3) Marginal adaptability 



Poreteeth ofcatt.e were removed within 24 hours after '^^^S^l^SSS^ 
shaving the foreteeth with #800 emery paper ^^^^^^^tSL^ m tar as dentin 
Thereafter, a cavity hav^g ™™°^™°^**Z » Shot T) under injection of water. The primer com- 
was termed using a carborundum point (HP35 ^™ dur ~ ^ ^J" ' a an J , eft tor 20 seconds. Thereafter, 
position of the present invention was app ed th.nly c i the inside , hen applied t0 the prime r 

compressed air was blown into the cav.ty ^ ^ ^ctL b^Kara Bermont Co.) tor 10 seconds 
composition and exposed to a v.s.ble hght by Tokuya y ma corporation) was further charged 

to cure it. A dental composite resin (Palfique Estelrte ™^™"?™£* e g ma , H ginal adap , a t>ility test sample, 
into the cavity and exposed to a visible light ftmmta -tor*. S^^^g** with #806 emery paper 
The above test sample was immersed into water heat ed at 37 ^'24 hours JJJ^J wgs covefed witn a polym . 
to remove excess composite resin under injection ol water, i nen a iooi r . , 

"hiq samole was immersed 

arizable resin (Tokuso Cure Fas, manufactured by Tok uyama £ asci Ca) h P eated at 4 -C and 

into aqueous coloring matter solutions (01 ZS^^S*** ^ #12 ° ™" S ° 

60'C atternatety 60 times eachjor m,nu£ ^^^HES- how'a coloring matter penetrated into 

ot sections the better marginal adaptability becomes. 

30 (4) Preservation stability 

.nt. .At <B. and (G) were dissoh/ed into component (D). Immediately after this mixture solution was 
p^dT^k P nT^t^ndition a, 37'C tor two weeks and mixed wKh a predetermined amount of com- 
ponent (C) to prepare a primer. The adhesive strength o. the pnmer was measured. 

35 

(5) Preparation of an adhesive 
40 a commercial adhesive. 
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Adhesives A and B contain none of components (H) and (J). Adhesives C to K contain component (H), adhesive 
L contains components (H) and (J), adhesives M to V contains all components (J), (K) and (G), and adhesive M contains 
components (J) and (G), but not component (K). 

Example 1 

3.5 g of PM and 1 .5 g of MAC-1 0 were dissolved in 5.0 g of distilled water. The resulting primer was used to treat 
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the surface of a tooth, and adhesion was performed using adhesive A. Adhesion to enamel and dentin was measured. 
Results are shown in Table 2. 

Examples 2 to 14 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive A. The compositions 
of the primers and the results of evaluation are shown in Table 2. 

Comparative Fxamoles 1 to 7 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive A. The compositions 
of the primers and the results of evaluation are shown in Table 2. 
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55 It is obvious from Example 1 that sufficient adhesive strengths to both enamel and dentin can be obtained and the 

object of the present invention can be attained when components (A), (B) and (C) are contained. Examples 2 to 7 show 
results obtained by using Phenyl-P as component (A), MAC-10 as component (B), and EtOH as component (D) and 
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♦ r uamn i oe a anri q show results obtained by using different components as component (A), 

1*1^ - (8) ' Example 123 resutt ob,ai ?f s 

Examples 10 and 1 1 results ootainea »y u y . 1 3 „ obtained by using a different component as 

T5 to both enamel and dentin. 
Fxam ples 15 to 23 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive M or N. The compo- 



20 sitions 



of the primers and the results of evaluation, are shown in Table 3. 



Comparative Examples 8 to 17 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive M or N. The compo- 
25 sitions of the primers and the results of evaluation are shown in Table 3. 



30 



35 



40 



45 



50 



55 



30 



EP 0 712 622 A1 



CO 

3 



OO 



> 00 
CO 05 



« i 



COCO CO^CVJ CON NCO 

✓ ^ 

iHOCO^lfiC^tOOOP* 

CO d fficNJ ^ OJ N 
NN^*NN«— »NNN 



H^oomooooocnTf 
oo^^^n*— 'N— »n 

s^y N-^ ' W ' * 

C— rH — * O CO OO CO CON 

0)000 0)00(0^000 
^ CS3 ^-t ^ • «— i OJ ^N 



l/>00NCNf-O0)^ , CNJC-' 

oco^co^^ococnjo 

WW W>w^ « ' W ^w' WW 

O'^^U'SCOCOOOOCOP- 

fJoV^rH^mooc^m 

N N N 1 



oo ^* oo lo c — c>- o '^r op 

•-icsJO^CN^CON^CO 

v_ ✓ S_ ✓ ^/ "^-^ v-^ ' 

ooomcoNOCNComa) 



CO 

CD 



-6 



I 

a. 



, *± O 



LO LO CO 4-0 LO LO LT3 lT3 LO 



2 £ 



o 



I S I S I I I I I 



moo I oo c— c — co c— 

CSJ 1 CM CNJ CM N N 



-I 

c a. _ 
.2 8i£ co 



'82 



I I I I I I I I I 



I I I I I I I I I 



CO 

§ 



I 0010 I I I I 



ooo n i i OO OO OO OO 



I I I I I I I S3' 



c 



a- 

I 

i 



in oom I o I 



LO 



I I I I I 2 I 2 I 



ir>CDC-00CJ>O«-<CMC0 
^^^.^^NCMCMCvJ 



oo in in o m n oo in m csj 

LO LO — • CO LO Lf) LO »— 4 



I I I I I I I I I I 



e-c— tnoinor— c-^ino 

CMCO'-HCOCnJOOCMCM *— • oo 



i 00 i 1 1 1 1 00 1 



I I I I 2 I I I I I 



I I I I I I I I l I 



m o 00 J J 00 m o 00 00 



1 1 1 1 1 1 1 1 1 



NO OO 1 I NO 

(£H«H«H I I O^ 



I I I I I I I I I I 



o^Nco^mtor- 



t I I s s c * 



55 



Examples 15 to 19 show results obtained by using adhesive M and changing kinds and amounts of components 
(A), (B) and (D) and Examples 20 to 23 results obtained by using adhesive N and changing kinds and amounts of 
components (A), (B) and (D). Examples 15, 20 and 21 show results obtained by using different components as com- 
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10 



15 



oonent (A) Example 16 a result obtained by using a plurality of components as component (D), Example 17 a result 
oo^ 

(B) and (D), and Examples 22 and 23 results obtained by using a plurality of components as component (A). All the 
above examples obtained sufficient adhesive strength to both enamel and dentin. 

Comparative Examples 8 and 1 4 show results obtained without component (A) and exhibited low adhesive strength 
to both enamel and dentin. Comparative Examples 9 and 15 show results obtained by using phosphoric acid having 
no polymerizable unsaturated group in place of component (A) and exhibited low adhesive strength to dentin Com- 
parative Examples 10 and 16 show results obtained by using component (A) in an amount above the specified range 
andexhibitedlowadhesivestrengthtobothenamelanddentin. Comparative Examples 11 and 17 show resuUsobtamed 
wrthout component (B) and Compare Example 1 2 a result obtained by using HOMS having only one carboxyl group 
in place of component (B). Both comparative examples exhibited low adhesive strength to dentin. 

Examples 24 to 36 

Primers were prepared in the same manner as in Example 1 and evaluated using different adhesives. The com- 
positions of the primers, used adhesives and results are shown in Table 4. 
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In Examples 24 to 36, test samples were treated with primers which contained phenyl-P as component (A), MTS 
as component (B) and IPA as component (D), and measured for their adhesive strengths using adhesives having 
various compositions. All the examples exhibited good adhesive strength to both enamel and dentin. It is obvious from 
this fact that adhesive strength is not restricted by the composition of an adhesive. 

Examples 37 to 53 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive G. The compositions 
of the primers and results are shown in Table 5. 
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Comparative Examples 18 to 20 ■ 

Primers were prepared in the same manner as in Example 1 and evaluated using adhesive G. The compositions 
of the primers and results are shown in Table 5. 
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Examples 37 to 53 show results obtained by blending components (E), (F) and (G) in addition to components (A), 
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(B), (C) and (D). Examples 37 to 44 contain component (E). Examples 37 to 39 show results obtained by changing the 
amounts of components (E) and (C). Example 40 a result obtained by using a different component as component (A), 
Examples 41 and 42 results obtained by using different components as component (B) and changing the amount of 
component (B), and Examples 43 and 44 results obtained by using different components as component (E). All the 
examples exhibited good adhesive strength to both enamel and dentin. Examples 45 and 46 show results obtained by 
including component (F) and exhibited good adhesive strength. Examples 47 to 49 show results obtained by blending 
component (G). Examples 47 and 48 show results obtained by using different components as component (G), and 
Examples 48 and 49 results obtained by using different components as component (D). Examples 50 and 51 show 
results obtained by blending both components (E) and (G), and Examples 52 and 53 results obtained by blending both 
components (F) and (G). All the examples exhibited good adhesive strength. 

Comparative Example 18 shows a result obtained without component (A) and exhibited low adhesive strength to 
dentin. Comparative Example 19 shows a result obtained by using component (B) in an amount above the specified 
range and exhibited low adhesive strength to both enamel and dentin. Comparative Example 20 shows a result obtained 
without component (C) and exhibited low adhesive strength to both enamel and dentin. 

Examples 54 to 63 

Primers were prepared in the same manner as in Example 1 and evaluated using different adhesives. The com- 
positions of the primers, used adhesives and results are shown in Table 6. 
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In Examples 54 to 63, test samples were treated with primers which contained components (E), (F) and (G) in 
addition to components (A), (B), (C) and (D) and measured tor their adhesive strength using adhesive having different 
55 compositions. All the examples exhibited good adhesive strength to both enamel and dentin. Therefore, it is obvious 
that adhesive strength is not restricted by the composition of an adhesive. 
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Examples 64 to 71 



10 



Primers were prepared in the same manner as in Example 1 and evaluated tor their marginal adaptability using 
different adhesives. The compositions of the primers, used adhesives and results are shown in Table 7. 

Comparative Examples 21 and 22 

Primers were prepared in the same manner as in Example 1 and evaluated for their marginal adaptability using 
adhesive N. The compositions of the primers and the results of the evaluation are shown in Table 7. 



15 


Marginal 
adaptability 
n/12 




o o 


20 


Adhesive 


OZZOZZOZ 










25 




1 O 

8.^ o 

c c ^ 

LJ C 


oo 00 


OO I 




+-» 

■6 


Compo- 1 
nent D 
EtOH 




c— o 

CM OO 


30 & 

cd 


s 


Compo- 
nent G 
3G NPG 


| | | CMC* | cm «r 

i i ii r i i 


1 1 
1 1 


35 


asition 


Compo- 
nent E 
HNO, 


i i n ii i i ^ 


1 1 


40 


imer comp 


Compo- 
nent B 
MAC-10 


oooooooooolooooo 


; LT> OO 


45 


u 


Compo- 
nent A 
Phenyl-P 


v~* *- « ^ " 


1 2 








Tf m id r- oo ct> o 

<£><D U3 «0 O t* 


*-* CM 

• CM CM 


50 






>< e s t t t : t 
Eg 





All Examples 64 to 71 exhibited good marginal adaptability compared with Comparative Example 21 which d.d not 
contain component (A) and Comparative Example 22 which did not contain component (C). Moreover, Examples 67 
55 to7l r^^oZnm (G) exhibited higher marginal adaptability than Examples 64 to 66 which did not conta.n 
component (G). 



38 



EP 0 712 622 A1 



Examples 72 to 74 

1.0 g of phenyl-P and 0.8 g of MAC-10 were dissolved in 2.7 g of DME (Example 72), 2.7 g of DME with 0.2 g of 
NPG (Example 74) or 2.7 g of BMEE (Example 73) as a water-soluble ether having no hydroxyl group and the pres- 
5 ervation stability test carried out on these combinations. Adhesive G was used in the test. The compositions of the 
primers and results are shown in Table 8. 
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The primers of Examples 72 to 74 exhibited the same adhesive strength before and after preservation. Their 
55 preservation stabilities were good. 



40 



EP 0 712 622 A1 



Examples 75 to 90 

Primers were prepared in the same manner as in Example 1 and evaluated for their adhesive strength using 
adhesive C or R. The compositions of the primers, used adhesives and results are shown in Table 9. 

Comparative Examples 23 to 28 
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Primers were prepared in the same manner as in Example 1 and evaluated for their adhesive strength using 
adhesive C or R. The compositions of the primers, used adhesives and results are shown in Table 9. 
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50 Examples 91 to 113 

Primers were prepared in the same manner as in Example 1 and evaluated for their adhesive strength using 
different adhesives. The compositions of the primers, used adhesives and results are shown in Table 10. 

55 Comparative Examples 29 to 31 

Primers were prepared in the same manner as in Example 1 and evaluated for their adhesive strength using 
different adhesives. The compositions of the primers, used adhesives and results are shown in Table 10. 
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45 Examples 114 to 124 

Primers were prepared in the same manner as in Example 1 and evaluated for their adhesive strength using 
different adhesives. The compositions of the primers, used adhesives and results are shown in Table 10. 
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Examples 75 to 124 and Comparative Examples 26 to 34 show results obtained by using a composition which 
does not contain component (B) as a primer. 

Examples 75 to 82 show results obtained by using a composition containing component (H) as adhesive C, Ex- 
amples 83 to 90 results obtained by using a composition containing components (J), (K) and (G) as adhesive R, and 
Examples 75 to 77 and 83 to 85 results obtained by using different components as component (A). All these examples 
exhibited good adhesive strength. Examples 76, 80 to 82, 84 and 88 to 90 show results obtained by changing the 
amounts of components (A), (D) and (C) contained in the primers. Examples 79 and 86 show results obtained by using 
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♦ .^nnnani m\ and ExamDles 79 and 87 results obtained by substituting part ot component 

^iZTZZ* ^27 3^1 obtained by using phosphoric acid having no po.ymer*ab,e un- 
saturated' p J P .aTeo« comment (A) in the primers, and Comparative Examples 28 and 2G .results dbujjdby 
saturated group p k a|| ^ aratjve examp ies exhibited low adhesive 

ZgZSn. O^e^^ 30 and 31 show results obtained without component (C) and exhibited low 
^TaX^ 

~, .Hh^ciwDc w tn V fexcludina R) compositions which contain components (J), (K) and (ta). 

° "SS^^TSfiSod strength to both enamel and denting is understood that there is no 

nr^hiom if an adhesive havinq a composition satisfying the above conditions is used. 

P ZZ2toeEZS*£s*™* -suit obtained by using an adhesive which contains components (K) and G 
. , ?T™npnt SandfJl Comparative Example 33 a result obtained by using HOMS, a monomer hav.ng only 
IttZZot n aceot'co^onen, (J), and Compare Example 34 a resu,t obtained by using an adhere 
wh ch components (J) and (G) but not components (H) and (K). ^.^^^^^^ 

adhesive strength to dentin. Therefore, it is understood from companson with Examples 2 15 and 24 that a spectic 
adSe Sng the above conditions is required when component (B) is not contained ,n a primer 

Exempts 114 to 124 show results obtained by adding component (G) or HOMS as an optional component 
addi«ro P com P onenMA), (C) and (D). All the examples exhibited good adhesive strength to both enamel and dentin. 
Therefore, it is understood that addition of these components has no problem at all. 

Claims 

1. A dental composition which comprises (A) a phosphoric acid group«ontaining monom (B) ^ acid 
groups-containing monomer and (C) water as main components ,n amounts ol 0.5 to 50 h by weight, 1 to 50 a 
by weight and 5 to 90 % by weight, based on the composition, respectively. 

2. The dental composition of claim 1 which comprises component (A) in an amount of 5 to 50 % by weight. 

3. The dental composition of claim 1 which further comprises (D) a water-soluble organic solvent in an amount of 1 
to 80 % by weight. 

4. The dental composition of claim 3, wherein the water-soluble organic solvent (D) is an alcohol compound or an 
ether compound. 

5. The dental composition of claim 3 which further comprises (G) a polyfunction^ monomer in an amount of 0.1 to 
30 % by weight. 

6. The dental composition of claim 1, wherein the phosphoric acid group-containing monomer (A) is a monomer 
represented by the following general formula: 




( * -\ » = ( 
i v ch s =c-co 2 ^R3-o-p-°- r '-T 

(cHa-C-COa-^Ra-O-P-O-^ 

Xi 

wherein each of R, and R 2 is independently hydrogen atom or a methyl group each of Rg anc I R< .is 
indeoendently an organic group having a valence of 2 to 6 and 1 to 30 carbon atoms, which may have an ethe 
inkaoe an2 an ester Hnkage R 5 is hydrogen atom, an a.kyl group having 1 to 5 carbon atoms or an a.koxyl 
2 having to 5 carbon atoms, X, is hydroxy, group, a mercapto group or a halogen atom, and n, and n 2 are 
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each an integer of 1 to 5. 

7. The dental composition of claim 1, wherein the carboxylic acid groups-containing monomer is a monomer repre- 
sented by the following general formula: 

5 



10 




75 



35 



(cH.-C-C0.i- 



CO»H 
Rj — CH 

wherein R 1 is hydrogen atom or a methyl group, R 3 is an organic group having a valence of 2 to 6 and 1 to 
20 30 carbon atoms, which may have an ether linkage and/or an ester linkage. is hydrogen atom or a carboxyl 

group, n-, is an integer of 1 to 5, and n 3 is 1 or 2. 

8. A dental composition which comprises (A) a phosphoric acid group-containing monomer, (B) a carboxylic acid 
groups-containing monomer, (C) water, (D) a water-soluble organic solvent, and (G) a polyfunctional monomer in 

25 amounts of 5 to 50 % by weight, 1 to 50 % by weight. 5 to 90 % by weight, 1 to 80 % by weight and 0.1 to 30 % 

by weight, based on the composition, respectively. 

9. A dental composition which comprises (A) a phosphoric acid group-containing monomer, (B) a carboxylic acid 
groups-containing monomer, (C) water, (D) a water-soluble organic solvent, and (E) an inorganic strong acid and/or 

30 a non-polymeric organic sulfonic acid as main components in amounts of 0.5 to 7 % by weight, 3 to 50 % by weight, 

5 to 90 % by weight, 1 to 80 % by weight, and 0.01 to 3 % by weight, based on the composition, respectively 

10. The dental composition of claim 9, wherein the water-soluble organic solvent (D) is an alcohol compound or an 
ether compound. 



11. The dental composition of claim 9 which further comprises (G) a polyfunctional monomer in an amount of 0.1 to 
30 % by weight. 



12. The dental composition of claim 9, wherein the phosphoric acid group-containing monomer (A) is a monomer 
40 represented by the following general formula: 

Y * \ 1 ( > \ 



so 




wherein each of ft, and R 2 is independently hydrogen atom or a methyl group, each of R 3 and R 4 is inde- 
pendently an organic group having a valence ol 2 to 6 and 1 to 30 carbon atoms, which may have an ether linkage 
and/or an ester linkage, R 5 is.hydrogen atom, an alkyl group having 1 to 5 carbon atoms or an alkoxy I group having 
1 to 5 carbon atoms, X, is hydroxyl group, a mercapto group or a halogen atom, and r\, and n 2 are independently 
an integer of 1 to 5. 
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13. The dental composition of claim 9, wherein the carboxylic acid groups^ontaining monomer (B) is a monomer 
represented by the following general formula: 



^CH^C-COj-^-R,- 



COjH 

i 

CH 
CO,H 



wherein R is hvdroqen atom or a methyl group, R 3 is an organic group having a valence of 2 to 6 and 1 to 
30 j£XitiK£.«n ^her linkage and/or an ester linkage, R, is hydrogen atom or a carboxyl 
group, ^ is an integer of 1 to 5, and n 3 is 1 or 2. 

i t 80 % by weight, and 0.01 to 12 % by weight, based on the composition, respectrvely. 

15. The dental composition of claim 14, wherein the water-soluble organic solvent (D) is an alcoho. compound or an 
ether compound. 

16. The dental composition of claim 14 which further comprises (G) a polyfunctions, monomer in an amount of 0.1 to 
30 % by weight. 

17. The dental composition of claim 14, wherein the phosphoric acid group«ontaining monomer (A) is a monomer 
represented by the following general formula: 

O / ?2 



(chJ-co,47Vo4-°-*-U cXch *- 

X 1 



v°* ... Xi 

^f<TdaTJtcL, X, is » hyLxyl g.oap, . a-a.a.p.o group « a W Mm and n, and n 2 a,. .ndapanoM., 
an integer of 1 to 5. 

18. The dental composition of claim 14, wherein the carboxylic acid groups^ontaining monomer (B) is a monomer 
represented by the following general formula: 
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5 



10 



15 




wherein is hydrogen atom or a methyl group, R 3 is an organic group having a valence of 2 to 6 and 1 to 
30 carbon atoms, which may have an ether linkage and/or an ester linkage, Rg is hydrogen atom or a carboxyl 
group, n 1 is an integer of 1 to 5, and n 3 is 1 or 2. 

20 

19. A dental adhesive kit comprising a dental primer composition which comprises (A) a phosphoric acid group-con- 
taining monomer in an amount of 5 to 50 % by weight based on the primer composition and (C) water as main 
components and an adhesive which comprises (H) a carboxylic acid groups-containing polyfunctional monomer 
and (I) a polymerization initiator. 

25 

20. The dental adhesive kit of claim 19, wherein the dental primer composition further comprises (D) a water-soluble 
organic solvent. 

21. The dental adhesive kit of claim 20, wherein the water-soluble organic solvent (D) is an alcohol compound or an 
30 ether compound. 

22. The dental adhesive kit of claim 1 9, wherein the dental primer composition further comprises 0. 1 to 30 % by weight 
of (G) a polyfunctional monomer. 

35 23. The dental adhesive kit of claim 19, wherein the phosphoric acid group-containing monomer (A) is a monomer 
represented by the following general formula: 



40 




45 



so 



- ,=C-CO,^-A,-0-P-0-^ 



wherein each of R A and R 2 is independently hydrogen atom or a methyl group, each of R 3 and R 4 is inde- 
pendently an organic group having a valence of 2 to 6 and 1 to 30 carbon atoms, which may have an ether linkage 
and/or an ester linkage, R 5 is hydrogen atom, an aikyl group having 1 to 5 carbon atoms or an alkoxyl group having 
1 to 5 carbon atoms, X n is a hydroxyl group, a mercapto group or a halogen atom, and r\ A and n 2 are independently 
55 an integer of 1 to 5. 

24. The dental adhesive kit of claim 19, wherein the carboxylic acid groups-containing polyfunctional monomer (H) is 
a monomer represented by the following general formula: 
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\CH 2 =C-C0 2 ^— Hj 




'"3 

wherein R, is hydrogen atom or a methyl group, R3 is an organic group having a valence of 2 to 6 anc i r to 
30 carbon atoms, which may have an ether linkage and/or an ester linkage, -s hydrogen atom or a carboxyl 
group, n 3 is 1 or 2, and n 4 is an integer of 2 to 5. 

25 A dental adhesive kit comprising a dental primer composition which comprises (A) a P^^^^f 01 ^^ 0 "^ 0 "- 
U?ng monomer in an amount ot 5 to 50 % by weight based on the primer composrtion and <C wa er as 1 main 
components and an adhesive which contains (J) a carboxylic acid groups-conta.mng mono™, 
(K) a water-soluble hydroxy! group-containing monomer, (G) a polyfunction^ monomer and (I) a polymer,zat,on 
initiator. 

26. The dental adhesive kit of claim 25, wherein the dental primer composition turther comprises (D) a water-soluble 
organic solvent. 

27. The dental adhesive kit of claim 25, wherein the water-soluble organic solvent (D) is an alcohol compound or an 
ether compound. 

28. The dental adhesive kit of claim 25. wherein the dental primer composition further comprises 0.1 to 30 % by weight 
of (G) a potyfunctional monomer. 

29. The dental adhesive kit of claim 25, wherein the phosphoric acid group-containing monomer (A) is a monomer 
represented by the following general formula: 

(ch 2 J-cx) 2 47^ 0 4- 0 -^ 0 ^^X 



/ 

\CH. 



wherein each of R, and R 2 is independently hydrogen atom or a methyl group, each of R 3 and l R4 is inde^ 
pendently an organic group having a valence of 2 to 6 and 1 to 30 carbon atoms, which may have an ether linkage 
and/or a ester Lege, R 5 is hydrogen atom, an alky, group having 1 to 5 carbon atoms or an alkoxyh group hav ng 
1 to 5 carbon atoms, X, is a hydroxy! group, a mercapto group or a halogen atom, and n, and n 2 are .ndependently 
an integer of 1 to 5. 

30. The dental adhesive kit of claim 25, wherein the carboxylic acid groups-containing monof unctional monomer (J) 
is a monomer represented by the following general formula: 

ch 2 =c-co 2 R 7 — CH 

C0 2 H 

wherein R, is hydrogen atom or a methyl group, and R 7 is a divalent organic group having 1 to 30 carbon 
atoms, which may have an ether linkage and/or an ester linkage. 
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31. The dental adhesive kit of claim 25, wherein the water-soluble hydroxyl group-containing monomer is 2-hydroxy 
ethyl (meth)acrylate or 2,3-dihydroxypropyl (meth)acrylate. 
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